Individual residues contribute to multiple differences in ligand recognition between vesicular monoamine transporters 1 and 2.
Molecular cloning has identified two vesicular monoamine transporters (VMATs), one expressed in non-neural cells of the periphery (VMAT1) and the other by multiple monoamine cell populations in the brain (VMAT2). Functional analysis has previously shown that VMAT2 has a higher affinity than VMAT1 for monoamine neurotransmitters as well as the inhibitor tetrabenazine. The analysis of chimeric transporters has also identified two major regions required for the high affinity interactions of VMAT2 with these ligands. We have now used site-directed mutagenesis to identify the individual residues responsible for these differences. Focusing on the region that spans transmembrane domains 9 through 12, we have replaced VMAT2 residues with the corresponding residues from VMAT1. Many residues in this region had no effect on the recognition of these ligands, but substitution of Tyr-434 with Phe and Asp-461 with Asn reduced the affinity for tetrabenazine, histamine, and serotonin. Although the ability to affect recognition of multiple ligands suggests a general structural role for these residues, the mutations did not affect dopamine recognition, indicating a more specific role, possibly in recognition of the ring nitrogen that occurs in tetrabenazine, histamine, and serotonin but not dopamine. The mutation K446Q reduced the affinity of VMAT2 for tetrabenazine and serotonin but not histamine, whereas F464Y reduced serotonin affinity and perhaps histamine recognition but not tetrabenazine sensitivity, providing more evidence for specificity. Interestingly, the Vmax of both VMATs for dopamine exceeded that for serotonin by 3-5-fold, indicating a difference in the speed of packaging of these two neurotransmitters. We also found that VMAT1 has a higher affinity for tryptamine than VMAT2. This mutually exclusive interaction with serotonin and tryptamine also suggests a physiological rationale for the existence of two VMATs. Surprisingly, the residue responsible for this difference, Tyr-434, also accounts for the higher affinity interaction of VMAT2 with tetrabenazine, histamine, and serotonin. Interestingly, replacement of Tyr-434 with alanine increases the affinity of VMAT2 for both serotonin and dopamine and reduces the rate of dopamine transport.